
pavement surcharge, inspection and permit fees interfere with

current federal and state regulation of Southwest Gas

Corporation. Southwest Gas corporation further covenants not to

initiate suit: against the city of Phoenix with respect to the

City's right to assess a pavement surcharge fee, permit fee and

inspection fees, nor the manner in which the city calculates the

said pavemen~: surcharge, inspection or permit fees assessed

against Southwest Gas Corporation between, on the one hand, the

Effective Da~:e of this Agreement, and, on the other hand, the

termination of the current franchise contract existing between

the City of PhoenJ..x. ,and Southwest Gas Corporation or July 8,

1994, whichever occurs earlier, provided that, between, on the

one hand, July 1, 1991, and, on the other hand, the termination

of the current franchise contract existing between the City of

Phoenix or July 8, 1994, whichever occurs earlier, the city has

not changed and does not change the manner in which it calculates

the franchisE~, sales tax, pavement surcharge fee, inspection fee

or permit feE~ so as to result in an unreasonable increase in

Southwest Gas Corporation's payments to the city of pavement

surcharge, inspection or permit fees.

6.0 ATTORNEY FEES AND COST~. Each party to this

Agreement agrees to bear its own attorney fees and costs incurred

in Maricopa County Cause No.::V 89-11051-

7.0 NO ADMISSIONS. The parties agree that the

provisions of this Agreement shall not constitute and shall not

be deemed to constitute an admission of liability on the part of

··6-<



the City of Phoenix. The parties further agree that the

provisions of this Agreement shall not constitute and shall not

be deemed to constitute an admissi.on by Southwest Gas Corporation

of the propriety or lawfulness of the pavement surcharge,

inspection and/or permit fees or of the amounts of those fees.

8.0 NO RES JUDICATA OR COLLATERAL ESTOPPEL EFFECT. The

parties further covenant and agree that in any future litigation

by or among them, neither party shall assert, either offensively

or defensively, that any of the rulings and orders of the Arizona

Superior Court in Cause CV 89-11051 is entitled to ~ judicata

or collateral estoppel effect ..

9.0 EFFECTIVE DATE. This Agreement shall become

effective on the "Effective Date," which date shall be the first

day when all of the following events shall have occurred:

9.1 The Phoenix City council shall have duly

approved this Agreement;

9.2 The Phoenix City council shall have duly

authorized an :ndividual to execute this

Agreement on behalf of the City of Phoenix:

9.3 The individual duly authorized by the City

Council to execute this Agreement on behalf of

the City shall have so executed this

Agreement;

9.4 The representative of Southwest Gas

Corporation authorized to execute this

··7 -



Agreement on behalf of that company shall have

so executed this Agreement;

9.5 The attorneys for ~he City of Phoenix and

Southwest Gas corporation shall have executed

the Stipulation for Dismissal Without

Prejudice and to Vacate All Prior Rulings

attached hereto as Exhibit A;

9.6 The judge of the Arizona superior Court shall

have executed the Order attached hereto as

Exhibit B; and,

9.7~ ~he City of Phoenix shall have paid to

Southwest Gas Corporation, by City warrant,

the sum of One Hundred Fifty Thousand Dollars

($150,000.00) as provided in section 1.0

hereof.

10.0 AUTHORITY. The execution, delivery and performance

by the city of Phoenix of this Agreement and the consummation by

the City of Phoenix of the transactions contemplated hereby have

been duly authorized by all necessarf corporate action on the

part of the City of Phoenix. This Agreement has been duly and

validly executed and delivered by the City of Phoenix and

constitutes a legal, valid and binding obligation of the city of

Phoenix, enforceable against i.t in accordance with its terms

11.0 SEVERABILITY. Any term of this Agreement that lS

illegal or unenforceable at law or in equity shall be deemed to

be void and of no force and effect to the extent necessary to

-8-



bring such term within the provislons of any such applicable law

or laws, and such tenns are so modified and the balance of the

tenns of the Agreement shall be fully enforceable.

12.0 ADDITIONAL DOCUMENTS, The parties agree to

cooperate fully and to execute any and all supplementary

documents and to take all additional actions which may be

necessary or appropriate to give full force and effect to the

basic terms and intent of this Agreement.

13. 0 INTEGRATION. 'rhis Agreement contains the entire

agreement between the parties hereto concerning the matters

addressed herein.~ Neither this Agreement nor any term or

provision hereof may be changed. waived, discharged or terminated

in any manner other than by an instrument in writing signed by

the party against which the enforcement of the change, waiver,

discharge or termination is sought. The parties hereby waive

their respective rights to modify or alter this Agreement in any

other manner.

14.0 COUNTERPARTS. This Agreement may be executed in

one or more counterparts, each of which shall be an original but

all of which together shall constitute one and the same

instrument.

15.0 GOVERNING LAW. The parties stipulate and agree

that this Agreement shall be governed by the laws of the state of

Arizona.

-9-



16.0 SUCCESSORS. This Agreement shall be binding upon

and inure to the benefit of and be enforceable by the parties

hereto and the successors and assigns of the parties.

17.0 NOTICES. All notices and communications pertaining

to this Agreement or the transactions contemplated hereby shall

be made in writing and shall be deemed sUfficiently given if

delivered in person to those persons designated below, or their

successors, or if mailed by first class mail, addressed as

follows:

Mr. Thomas J. Trimble
Senior Vice President and General Counsel
SoU±hwest Gas Corporation
5241 Spring Mountain Road
P. O. Box 98510
Las Vegas, NV 89193

Mr. Roderick G. McDougall
city Attorney
251 W. Washington, Room 800
Phoenix, AZ 85003

DATED this ~day of ::/i1~L- , 1992.

SOUTHWEST GAS CORPORAT

~£
Lowman

APPROVED BY:

a municipal

-10-
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STATE OF ARIZONA )
)ss:

county of Maricopa )

The foregoing instrument was acknOWledged before me

this ~ day of March I 1992, by _ Tames E. T owman of

Southwest Gas Corporation, a California corporation, on behalf of

the corporatton.

My commission expires:

10/29/92

.... -;:

STATE OF ARIZONA
S5:

County of Maricopa

The foregoing instrument was acknowledged before me

this~ day of Aoril , 1992, by Patrick Manion I Deputy city

Manager of the City of Phoenix, Arizona, who acknowledged that he

signed the instrument by proper authority and that he executed

the instrument in the capacity and for the purposes therein

stated.

aY~ulf 7!t. 11.tLl./"ztA/U)

Notary Public

My commission expires:

My Commission Expires March 16, 1993

-12-
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COS!!.NG '!Et ::r:::c:s OF t:!!lITY curs

L~ T:! LIF! CYCLE OF
AS :'E.AI.! PAV!.'!!N '!S

:1. Y. Scahic
Cousulti:g Eagi~e.~, Pb.D. t P.!.

CQm'Pai~, n.

J. A. CreTe t ti
?=Cljec:t ~age:.-

~ I::e=:.a.:iowal, Inc:.
C~z:zq:aiiU , II..

J. L. !=a:c:o, Jr.
Assis:ant C~:y Atter~ey

City c: Bur:"~:1gton, V'!.

Septmbe= U, 1.986

Net to be puolisbee vi:~eut ~e p::-ic= v=i::en &?prov&:"
or the aut:lcr ana tne .!me:.-ic:u. P~b lie lilcrks Assoc:iation.



SHAHIN, CROVE!7!, F1~'lCO

COSTING THE EFt!CTS OF t:r!!.!';'! CU7S
L~ !HE LIt! CYCL~ OF

AS PH.A.l T PAV!l'!!NTS

M. Y. Shahin
Consult.ing Engineer, Ph.D.;

J. A. Crove t.ti
Projee~ Engieeer

J. L. Franco, Jr.
Assist.ant City At.torney
City of Burlington, Vt.

A!S'I'llC7

conuining utility c~t pat:.hing to ce:e=:ine t:'e effects or the patc~ing

developed basee 011 & tes:i~g project co:dueted ~ t~e Nor~~eas:e=: Ucitec

S t~tl!S. ..t ~i:-e<i !.:?e=i::ell: ~:u conducted:o de te:":t~e· tile e.f fec: of

utility cut pa tc:hilli on th! Paveen: Condition Inde:t (PCI) :or st=ee:S C:

va=:'ous ages th=oughotlt the city. A tlonciest=uc:tive deflection testing

OlD'!) prog":a:n vas ,also c:;)nducted at positions 1.:1 and a=ound patched a:-eas

usit:.g a :alling veigat defleetcmete= (nro l to measure tl1e effects 0:

pa :chit:.g on t:te s::=uc:u=..l ..dequacy of t.he pave=en:. Also i:.cludeci is a

cos: analysis basec on tne results of the PC: and ND'! su=veys SQovi~ the

ex:=.. =eha;H ita:ion c:;) s:s to the city due r.o utility cut POl tc:hi~.

Key ~ords: UtilitY' Cut Patching, Pavc:ent Condition !c.de::, Nondest:=u::ive

De: lection 'resting I Eleaabili:ation Costs.



SRAHL"{, CIOVEnI, FRANCO

15TRODUCT ION

This paper describes the tes tir.g ane! analysis resd ts 0: uei. 1i:;:

patchee! p£vc=ents in a city in the Northeast United States. The objective

of trois study was co de te:':1ice C~e average life of paveents \Ji:~ .Inc:

without utility cut patc:es. Ihis t,,'u ac~i.eved through consideration of

both ~veent per:or:ance ana load c~==ying capacity. A representative

sacple of stretts \J&S ranc:acly caosen f~ac areas throug:ou: the city.

aepresenta:ive pav«:ent sectio~ :r~ each strett \Jere s~~e~ed to assess

the con~i:ioa of c:1:e ~v~ent with and ..,ithout patches using boe.:. visua.l

uupec:icn and c.o'c.c'esr.:-uc:ivt de: lec:.:'cc testing (Nt"!'). Tee resuL ts we:-e

.uUtl~:ed to 1) dete::i!:e ~e e':fec: 0: p.a tchi:g oa pavcenc l;'':e &ad .:) to

decer=ine to~at leve~ of reeabilita:io: is necessary to u~graae the pa:c:ec:

areas to levels equLvalenc to ncn pa:c::ee a=eas.

Io t::e_ best ::C:ovledgt 0: tb.e au:::c-:s. ~he :acerial p:-ueI:.:ee i: t::is

paper provicies for ~e fi=s: ti::e & ~uant:'tative assesce::.: of paveeat

cimage due to utHicy cut pa tc:i:.g. 1: is bopea t:a: ~e resul::.s

prese::.:eci c.e:-ein 1rill prove bene':i:ia1.. to eOl::Uuitiu arouI:.C t::e U-.i:ed

Scates 4:, abroad. ? sbould be cp:£si:ed :~a: eve~ ::oug~ :=e p-:~eec:~=e

developed is not ~iil:e speci':ie, c~e resul ts will va::: basea on cone.i::'otlS

in eac~ c:c::::=mil:y including c!.iJ:ate, const=uc:ion his:ory, ~:'t:.:et:.anee



.../~':.::;, C?OV~:-::, ::.A.'iCO

PAVEXtNT PERFORMANCE ~~ASURL~N~

Pavecent performance 1.$ rela ted to several factors inch:ding

ruc:tural integrity, roughness and maintenance ::-equi:-ement.s. These

,ctors ~n be assessed thro1Jgh vi.sual obser'\"ation by measuring t~e &Count

c.':'s:ress present ir. t.he paveee!'.t. Data collect.ed frO'!: various s:=eet.s

t.=-e ~1:i.ty indicated that p.avcer.t life vas shortenec by a factor c: ove:-

,6 .u a result of uti.lit:· cut patc~es.

~vcer.t Concition !:cie:t Racinr Procedu't'e

~~e ?ave=er.t Coueitlon rnde: (PC!) su=vey eethod vas developed by t~e

S. }_-=y Cor;:,s 0: !ng:':eers to ?rov:.c;e a systet:1atic: lI1etilod of lI1I!uu=:':g

e PC: is a nu=e::ie&l. indicator of tbe pave::e%:.t cond.ition vhic~ :,&::.gu

a to 100 witb 100 re~reSentit16 a ?ave:e~t in t%Celleut ea:eition. !be

""-, ....... ""' ...r--. ----- ..

?" aaVI! oeen iciec.:i::'ed. Cu~es have been cievelopeci to cacpute tbe

La::'7e -=:tount tbat eac~ distress a.:':ecu t~e ~u.a.lit1 of the pave=ent in

~s cf str~c:~ral in:eg=it7 and sur:ac! ope::ational condi::'ons. ~e

:eo:: s of each diStress ty1)e I severity COQbin.a tion are called decuc:

:ues .. ~ll deduct values ~:?uted are su==ed and adjusted basec on

:ao~isbed rules to ciete=:ine t~e fLc.l PC: racing of ttte pave=ent. !he

Resea~:~ :.DC~.:Ory Tec~nical. ae~c~t ~-:94

::p~ete t~e PC: su..-.rey.



Selection of Streets fo~ PC! Su~~v

The pcr survey vas designed to provide a paired e~eri:ent 0: PC!

values for patched vs. n(m-patcheci pave:ents. The sut"Vey ...as initiated ,~

t~e Fall of 1984 (l:ic Nove:l:led and coc.pleted. l.n the Spri.::.g 0: 1985 (l.1t.e

!"....y) • This timi~ ..,as cCIl:uiderec conservative lor; that seasonal effects en

'the ?av~ent, i.e. di::e~p.otia: :~OSt heave, ...ould noe. a::ect the results.

7'ae streets includec~ i.n this survey vere randc:ly selectee f:-o:

throughout the city to provide a representative cross section in ter:ns of

. age acd functiooal c!.usi:i~:ion. l.e. residential. collector anc

arterial. Each selected stree~ V15 first divided into sac?le units

RepreSellt2.tive sample units we:-e toen

rancic:l:r selected ::-0: areas ~'i::~ and ;;itbout pac:eoes presee:. Th:'s

Frovicies resl:lts t!:1at .."ould be :avor.ble to pac:cbiUi as cot:l?ared to

selec:i:: a 100 foot section a:cu~e patc:es. For ~?le. ill t:e evee:

unit bou::.~.a=y :e1: ..-i :.::i:. t::e borde:-s c: a pa :c::', only .. -:.. .'---

• eases .~ere only one s~ple uni: vould not provide a t:-~e representation

of t!:1e selected st:-ee: section, a secoue:. sa:ple uni: .i:~ and without

pat::t1':'ng vas sur:-eyed. In these ~ses. :he :iJ::.a: PC! fo:, t:e patenea and

non pa tc:bed sections vas obt.Ained by averaging the r~sul:5 0:: t:e t:'"....o

sa::ple anits. Table ~ s~~:-i:es t:e f~l PC: values c~m?ut~~ for all

Tn I! PC: su=vey :-esu:L::5 we:,e auly:eci 1:0 de I:e:=i::e ~e e: :e~: 0:

u::'l:'1:7 cut ~ tl:~':'::'g or; t=a-::=ent li:e. Pavee!:: E:e is ::10: ~e: ined as
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the poiet ~hen the street can no longer safely carry traffic, it is rather

e age ir. years t.hat. the street c:an be e<:ono:i:a1.1y t:.aintained .... it.hout

t.he need for major rehabilit.ation suc:h as an overlay. This ....as def ineci as

the ~veent. age at ....hil:h a PC! value of 70 ....ould be reaC:uci. The per

\"alue of 70 is conse:"'.-at;.ve ir. t.e=:ns 0: mir.i::.i:ing rehao~litation costs.

A.llc~~r.g . the paveen: to de te::-io:,ate beyon, ~his ?oi::: .... i11 ::-uu~:. 11:

ra?ici inca'eases in res:ol~ation C:OSts. This concepc is also supportec by

the graph p'resentec! in Hgure 2. vhich ....as published b~ tll! !.::erican

Public Works Assod.uion (i.ef.::). As this figure shovs, it is 1I1uc:l: ::ore

ec:o::ecical to 1I1S.i:ui:. pave:er.ts 1.: a relatively gooe cocci:.i~r: aroc: ee:o:,e

~e rate of deterioration (annual less in ?C:) sacv .... consic.e':'a:le

T'a:'ee :1etJ:::ods ....e:'e use:c: to cie!:e=:ni::.e the &"1e:'ag!! paveect li':e be':!::,:,!

PC: of 70 voulci be reac~::teci. These three 1I1ethoas :are ciesc:,:,ibed anei t::e

He t:::oci 1: Ra te of De teric::' a tion

:"'.:1e ,:,z.te of cie te:,ioration is de: inea i1l!rei: as t!a average loss in PC:

pe':' ;rea':' s:':c:e t~e las: overlay/c::lt:s:=uc::ion at vilie:: ti::e a PC: of 100 is

assu::ed. For e%AQple, a pave=ent ~at bas a PCI of 80 ana is 10 years ol~

bas c. de :e=:':lrat:'on r~~e of (100 - eO) / 10 • Z.O pcr poi::.ts i=e= yec.

!.:.: ot the ~ve::ent sec:tiol1S surveyed vere t::1 ::egori=eei into f i·ll!

g-=:u:s :,ased ot: ~l!i= nct:-;la:e:laa PC: as :o~lo\:s< 100-90, 100-80,100-70,

100-;0, ana 100-:;. :he ave::age :,ates 0: lie :e:::"c:,uion tor 00 t.:l ;:a tc:e~



8. This figut'e clearly illuSl:,atu the cramati:: effect that ;:atching has

on che pavecenc's rate of deterioration. For a te:-Jlinal ?C! 0: 70, c.he

average lives of patched and non-pacched pavements vere cete~ineQ f~ac

Figure 5 to be 11.6 and 20.1 ~'ears respectively. This c.:.-anslac.es c.o a

life reduction factor of 20.1/11.6 or 1.73,

Me thod :: Bes t Li:e fit Through PC! vs. Age Da ta

This method fits a straight line through the pcr vs. Age data pointS

so that the se of er::'e~s a=e :i:imi.%ed (leut-square error :e:':oci). !"~e

resulcs ~re shoy'!: i:. Fi~re 9. ::'0: t~is flgu:,e, the &verage lives at.a

PC! c: iO for ~e pa tl:tlee and nOl:-;la t:ched pave.!l:lents vere ce te=i:.ec to be

12.1 ane! 19.8 ~e&rs l~u~ec:i"7ely. :his ~:'ansl2.t!!s :":.to a li:e ~i!ciuc:iO::1

factor of 1.64.

Fir.:re 9 also sl:Clveci tiut t.:.e 1:".70 !.ines for pa tcheci and :.cn-pa t6ec.

pav!:ec:s ea.c:: C ·~·- .. ~___ A_ '!.'her ef :;)r e•

rur::: er

- non-pa t:~ed pavceI!.ts based on non-?a ::b ed PC: ranges of 100-,0, 89-80,

79-70, 69-50, ~d Und.er l.O. !"ue results are snovu in t~e car c~ar: in

=-; CA7e no neg~:~ve ~~ac:s on t~e PC: 0: ?ave:ents in this category. 1:.

ot.!:1er varas, pavee:ts vitb a PC: less :h& 40 are al=uciy in pee::,

co:uii:ion and patc~i~ couici be ce!le:.i::'a.: (:.n ar::ts 0: PCr) for ~e 5:;01':

ru~.



Based on this conc11.:sion, the analysis shown ion Figure 9 ..as ::e?eatec:

.f ter elimir.a ting the three pave:::en:s where the non-pa tch ec PC: values

we:,! less than 40. !he resdts cf tt'.is analysis are sho..~ ir. Figure 11.

The zve:,age lives for pa tched and non-pa tched pav!mencs were ce ter:ined

frot:! t."lis figure to be 11.9 and 30.0 years respectively. T'nis t=~nslates

~ .
to a: life. reduction :ac:tor of 2.5:.

~tCod J: Best Curve fit t:rougb PCl vs. Age Data

This =ethod is similar to MetboC:: 1 except that a t:i=c:: degree curve

vas l.:-seci to fit tbe c:.at41 :-aUe= t~au a sr.raight line. r.he res\:lts a.re

$OO~~ i:. Figure 1: for all pavelnents surveyed aud in Fig~=e 13 for only

a.re used ...-- a ;:2.5o:'ou s:'=':~= to Figures 9 and 11 =upec::ively.

...... e lHe reciuc:ticn faC:I:rrS due to utilicy cut pa tcn~ vere cie cer.nineci

._._w_ 11 a:d

• 8.5 yesrs

Ayera:e Li~:! of Nou-?a:c:ted Pave:em:. • 15.9 ye&rs

Li:e aeduc:ion iac::or • Z~.9/8.S • 3.05

• 7.8 years

Ayerage Li::e of Non-Patc~eci Pavaent • 28.9 years

• 3.n

Discussion 0: ResuLts ir= PC! Analys:'s Methods

!'~e til.ree ::a:::ocis c: ~U&lysis a:'e quite cii==erent yet ~ey sho\o' ~e

sa::e c:onc1.usion;

€



frO:! the th:,ee analysis metbods. A.s can be seen :=oc this table. the L.fe

auction factor varies fr·oc 1.64 to 3 :71. For the purposes of fol10... \:j'

. .Inalysis io this pape:-. the res\:l ts of analysis Hethod 2.1 lo'il1 be used as

they offer the cost conservative as seSSll:ent of the ea:age causee as a

res~lt of utility cut patching.

snu CnHW. T!STING

auea on extensive de.E leetion testing 0: tbe streets 1D tbe d.:y. it

V&S deter.:ined that areas in and around patcbes are considerably ...eaker

tla ~i:inal pave=ent. The patches are a major source of

disco ntinui:y acd non-unifo:-:ity ...hicb de tri:letltally a.: feet s futu:, e

0.75 to 1.5 inebu are reC; 1i1i:'eci to eocpensate for the st:'l:ctl::'al ...ea.k::es s

.- and a:,ouud t~e patehed areas. rais. boveve:,. rill not coc?enu.l:e for

The st:-uc:u:,al s::,a:g:h 0: selected pavc:ents in t:e city vas e:z:ined

using iuformation gacl:eree :=c: a noncies::-uc:ive defhction tuting (ND'!)

prog=a.

measured b:T recording the magnitude vhici:1 cl:e sUJ::aee of the pave:l1l!nt

llIovi~g t=~ck vaeel load. Tbe love:' the su:=aee deflection uncil!:' a given

a:'lova~le a:cle loads to "fai:lu=e".

UIli:or.:::':1 0: de: leetic~ns is also i:l~ortant to ins~:'e a ur.:'':o=:n

-I
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resting Eauipmenc

The struc:::u:,a.l teHit:g \las doa.e us~ng a Fal.ling weight De:lec:comete:"

(FWD) c:apable of a?plyi~t:g &0 impulse lo .. d up to 15,000 pounds-:o:,ce. The

FW.l', shown sc:he.tieall.y io Figure 14, accurately simulates loads si::.i1a:

it: CAgt:itude at:d durHion to that c: a movir:g \lbeel load. The su:,:zc:e

ete:lec::i~n.s a-· CUl&SUreC usi::.g sevec veloci.ty t:,ansduc:e:,s, one c:: ....hic:h :.~

located· in t:e ee~t!:- clf tbe loaciit:i ?late. The otber senso:'s are spaced

at 12 inc:b inte:'Vals. The data obta.ined frO'l:ll c.be sensors is stored ot:

bo~ pape~ and :ar:etic: :edi~ for :ur::ber analysis. The enti:-e operation

of t=e nro is c::lnt=olled acci mocitorec .i:!: an onboard Revlec.: Pac:urd 853

. S tructu,:,al Indic:a to,:,!

, '!"he ma:im= cie:lec:::'on of .. ~ve::ent uncier a p,ven load is a::1

inli:':a :cr of its

s:.ruc::::= al failt.:= e. A second i:.ciic:ato't' of t:le pave::::ents s:ruc:=al

acie~UAC: is t.:.e D;--anic: S t.:.==:es s ~ociul~s, DS!!. The DS!! vas developed by

tlle Cor,?s of Engi::1e!~s (:~e.: . .:3) and is a ceasu:.-=ent of the ri~ici:':: oi t:e

total pa~e::1ent 5;5:=. !be DSM is c:o:puted using tlle =I%~~ measu=eci

de:1e:::'on (i: ~ls) unde:- vz:,ious load levels (in pounds) using ::e

DS~ • Leaci ~ - Loaci !
D~ It.e:io~ a: Load : - De: lee:ion at Load ....

ioi"ae:,e: Loae: X is grez. :e= c.:.an Loae !



Selection or St~eets fc~

A representative sample of streets yas cbosen t.o re:lec: cor-cit.iens

present. t.hroughout t.he city. A total of 28 st:reet. sections yere selec:ec

contair:.ing utility patches prior to the Hart ef testir:.g.

~!estir:.2 ~~oce~ures

!ach street ~as tested at nu:erous locations to dete=:i:e ::e

deflection respouse due t.o loads 1n patched and non-?atcbec! pave::ent

areas.

Iestir:.g loca tions in non-pa tched pavcent areas yere cbo sen to pro':t:ce

standar= base values for each street.

I
rang:'ag :=0: 3 to C'Ve~:' 50 ft. Iestiug locations inside ~e l::ou:ciz.ries of

any aisting pa tches vere randomly chosen to provide meUl:lCe::s or ;la ':en

hve~s; 7,000,9,000 and: 17,000 pounds-force.

r ..-o ti1easu=u 0: s;iguifianee, namely tb.e DSH and ma-'::::l:t deflec:::'ol:.

ye:-e a:al.y:ed at eae~ test 10eal:i.on. DSM values :-anging === 87 to 11~O

vere calculated. For ccmparative p\%::"?oses, test 10ea tions ..·e=e g:-~u?e<!

:"::0 I.. separate c:a tego:,:'!s rd.. ting t:e pro::':::ity of the test loea ::'::n :0

a pa t:::ted a:'U. Ies: 1o~tiotU ava!' :=cm pa.tc~es are denoted as PV':.

Ies: loea ::'ons ad; acent to pa tc~es ( less t=lan 3 feet ava!') are denot!ci as

?V ...-:.. The e::e::s 0: sucsur:ace d:'stur!:lanee as a result of pat::=-=.;

opera::'ons is of sigui=ic.anee in t:ese areas. toea tions ir:.sicie :a :::

boun:aries adjacent to the pave::ent a:'e ciesiguatee PA.:-::. .=.11 o~e:' tas:
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points inside pa ccn boundaries are c:esigna ted as PAT.

10ca tions are shovn in Figur e 15.

These test

The bar cbart sho\ln in Figure 16 illuscrues the range 0: DSH values

c::dculateci ac tbe fOl,;r locations. In non-patched pavement a:-eas (PV7) t~e

.~ve::'age tS~ ..·due c.11c:.11atec! (.AV!) \las 509.1 vit.h values ranging ::-01: 136- ..
Ne&:" pol tc~ boundaries (PVT-E;. the average DSH value c:'opped t.o

381.5 vi:~ a ra~ge from 99 to 6~. rne average DSM value c.1lculatee a:

_P.1.'!-! lccatiotu vas 360.7 with a ra:ge from 155 to 714. Cenr::,al patc~

~lues (FA!) ve:-e found to 2Ve:-age 400.5 vicb a ra:ge froc 135 to 909.

T -, coeparu :!::e .lVerage ns~ ::-ar::. eac!l street in and around pa tc~eci

a:'us • Values eelev ~a li~e 0: e~l,;o1:it:' i::dico1te a s::,ue:u1'o11 vea1c:less

. in tl:1e pave::ent iL and arouud Pol t:hec: a.=~as.

111 Tne sec::cci :ea~ur! 0: st~~c:ural acieql,;4ey octaineci frac FWD recore! is

inciica ~oc :.!a .- 0'. ;..- --,-- c:

As pavcen:; cie:l=c:ion i::.c:ruses, criti~l stresses a.t:.c

Overlay s ..:,e co=::.o nl:, a.p plied to e: e ;::ave::ent to r ecuc: e de: lee::i 0 ns ..:c

~ere:y i::c:ruse ~e pave::ents se:-ri:e life.

~ea.s~=~~ Do cia.:.a vere g-:ou;:eci i=.:o four c:.ategories cased on tu:

loa ::'0::1.5 si::ilar to !:hose prese!1ted :.: ~e DS:-! anal~sis. Tae o:alues

o:t..:':e<: a:,e presenteci in the c.r c:a:,: in Figure 18. In sout:.C: ?avce!::

cus (:'7-:) t=e avera.ge :=e41sU':ec Do .as 20.43 :.ils. Ac::ual val-=.es var:'!c

o I .. .- to 50.5 :ils. tn PV7-E ~reas ..n aver~ge value of 19.07 ~ils .as

-lc:.1:.. :eci vi.eb a range f:'Om 13 to iJ.9 ::lils. In P!.!-E areas, an averal;!
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value of 27.68 mils w~s calculated with a range from 13.6 to 54.J mils.

In cenc:,al patch areas C?AT) the average value was 25.21 cils with a :'ange

froc 12.6 to 54.8 -eils. Figu!'e 19 co:.?a!'!s the av!:-age Do ::-oc ellcn ire

an~ around patched a:-eas (PA!, PAT-E a~d PV!-E) with the ave:,ase value

Data po:'nts plotted above the lice of

~uali::: .:epresen:: SI::,ee!:.s: on which ove:,lay :,ettui:"cenu would oe greate:-.

OYerla~ Desirn Reoui:-~er.ts

!o =:puce overby desig:: re~ui:"e:::ents for the va:'ious po:'tions of toe

s:reets tested duri:g t~e ND! prog:,~, the Asphalt !nstitute~s deflection

'~ed -eec;:od vas used.

far pave.ents vitll anci v:'l:llout patcnes. Pa-vcencs vith patr::'i~ &:,e :::,05e, lo~::ions PV'!-E, .. -.--- t:ose

.: ::as: loc:.l:iocs ~:.

fac:o=, and a te:::pe=a::~=e adjus~en: facto:," ~e 5e4so:41 acijus::en:: is

the :-atio of de£ll!~:ion take:: du=ing ::::e cost ci:ic.a.l t:..:e of yea:-

a:&lysis as cie:lee:ions ve=e taxen du=i:g Nove:ce=. '!'he te::pe=at~':'e

acijus::::.en: fac: C:' is u.se~i :'0 st.nc.=c.:'::e cie: le-::.:'ct1s to a pave:~nt.
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The design de! hction useel for an~lysis is then cocput eel usir.g the

equa tion:

Design Deflection • (X + S) • c ~ F

wnere: X • mean pave=ent cleflection. in inches"

S· standarc! deviation 0: de!lec:ion

C • seaso~l zdjusc=ent ~actor

F • tmperatt:re adjust:en: factor

For the tvO paveen: areas auly:e<i, these c:alculatiocs rest:lt in t::e

fo11o\7iq:

NON Pl.'I'Cm:D AR.~ l'ATCEED A.l\!.\S

Average De .0:,043 .0 26 5'-

S :az:ci. Dt!":". .O()~i 5 .01OSi

Seu. Adj. LSO 1.50

e 'I'mp. A.dj. 1.50 1.50

Desi6-1 Det. .06i91 .08417

rae. rl!'C!ui:eci ove:1.a:;, ~iclc1ess is then c:o:?utec! using t:e c~a:: StlCV~

in Fig'll':' e 20. a~ etl:te:i;g Fig'll,:,e 20 vitb the design <ieflec:ion for 1:01:

patc~eci areas of .06i91 incnes, it can be seell ~at the paveent is

capable 0: ~ncili=i Z ts..u./ciay vithout ove:lay.

de=lec::ion for patc:~ed a=eas 0: .084li inc:~es, it :.an be seen t:'a: .:

ove:~ay thiclc1ess 0: 1 •.5 inc!:les vculd be requi::ed for this saae t:a:::':

leveL.

le~els a::e scavo i~ t!:le table belav.
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ntAFrIC
OVtlU-AY R~UIR.~!'S

NOli: PATCHED AU:'AS PATCHED AR!.AS

1 ESAL/d~y

10 r.SAl./d~y

20 ESAl./d~y

0.0 "

2.15"

J .0"

1.5"

3.0"

3.·" 5"

. txl:ll B.~nll!j~';'!ION COSTS ncr! TO UTII.ITI C'JT !'ATCZI~C

. To cOl:pute the U:~l re::abilitation costs assoc:"~t.ec vith utility cut

-patchi::.g, the results l:lotai:ed fro=. both the PCI a:d deflection analyses

vere I1t il i:ed. '!be ::i.:i== accelerated. deterioration ratei::. p~ tchec

1.64, as ce te::ine': PCI , .ana·YS:'5, acd e:::e cve=lay

•
thidcnus r~uirl!!:ents ::or 10 ES.ll./day, as det.e=:i:ec :::-0::: :~e C""e::-l~:

r~ui::-!!:\!!1t analysis, ve::-!: used to cc:pute t~e ever!.ay cost!.

All of the C::l Sts as soc:iatec! vi~ an o-:rerlay. bot': dire<:: a:ci i:dire<:: •

'raese eos:s incluae :&nhole and sever alig~e::s ~a c~~

e:,e of o-:rer~ay vil1 oe usee as an opti:~ least cos:

above 70. It vill be assu=e~ that tne curb reveal is 6 ~c~es and t~at

tb.is va.lue.

overlay.

!!a.::.l:101e a:cl seve::- ali:=e:t v:'11 be c'::ll::.ple~!d prior to uc~

A.ll of the c::,st figures pre.sel1ted herein a::-e in 1984 dollars.

To 5i:pl.i:Y tl::.is analysis. inflatio: a:d ineeres:: ::-a:e a.cfjus:.:e::s ve::-e

:0: i:c:!.uaed. 1""1:18 <:ost figures and aSS'l:mptiou.s used i: t:is .::aly5is are

13



1. Asphalt patch ~te:'i.l cost5 are $38.00 / ton, 1.1: place. a5

supplied froc rec:e nt bids obtained by the cit.y s:reet

superict e::dan t.

2. Asphal: patch caterial ~eight is 150 lbs I ft J •

3. Curbir.g C05:S are S14.00/1i::..:t. (S14i,840 1 mile). In place,

- .as sl:i'?lied by the d.e)'.

4. ~~nhole and sever aligccenr. costs are S2,500.00 I eile as

obtai::ed frac average costs fram the city.

5. The toed ·c.e~·ork of streets in the dey cont.ir.s Si miles of

pave:er.: vit~ an zver~~e vi~eh of 30 feet. At present, 8S: 0:

this mileage c:ol:1t.aic.s l:t.iliey cut patcbi:g.

As ?t'ue::e'i i: t~a cv~=la;r duip require=ents for non pae::ed areas,

I e:iclcess 0: :.25" vout, be required to bmdle 10 !S.ll/dl.,,!

19.8 years. '!"'.ure:ore. all yu:l;r C:lns vil! be c:alculate~ using t:.is

value. !he ave=age ;rearl;r ov~rla;r cos: pe= mile of pav~ent (ave=age of

30 J:_..... vide) coula ther. be c:o:puteci as the su==ation of ove=La~, :~=~i:g

and ma~ole alig_en: co·s:s as follows:

Cve=~.y Cos: • ~:er~al Qua:t~:1 ~ ~terial Cos:

• 29,700 cu.::. per :ile

• 29,700 cu.::. per ci~e ~ 0.015 tons per ~~.!:.

• Z,217.5 cons ~= :ile

~te=~al CoSts • $38.00 j ion

_-i



Therefore: Overlay Costs • (S38/toc) t 2,227.5 tons per cile

• 584,645.00 per cile t 87 miles

• 57,364,115.00 per complete overlay

-Average Yearly Overlay Cost • Overlay Cost I Service Life

• 57,364,115 J 19.8 years

• 5371,925 oe~ vea~

HaDhole and Sever Align:en: • 52,500.00 per mile

• 52,500 per cile * 87 miles

• 5217,500.00 per complete overla~

Average Yearly Manhole Cost • 5217,500 / 19.8 years

• 510.985 ~e~ ~ear

!he fi=&l ceSt associatee with ~e overlaying 0: streets is ~e cos:

II of replacing curbina which has been rencierea il:.ef fective as a resul t of

rep lace::.ent atter r,e:':'"! c:i=a o..,.erlay. As eac~ ove:'la;r will bave a.

service li~ of 19.8 years, the se:'7ice ti£e of ~e c~bing cal: be.e

e.:;lect. ea to be S9.4 yea:,s (3"19.8) , I"llere.:or e, tee year!.1 C:~ s:!

assoc:iatad with curb :,eplac:e::.ent would be:

!oc:.a.l Car:' Ro'!pbc:e:ent C:os: • S147 ,840 .00 per cile t 8; miles

• 51:,862,080.00 per J com?lete overla~s

• ..,.er&:. Yearly Curb COSts • 51:,861,080 / 59.4 years

• S:!6.!33.00 ~e= ~l!ar

, :
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Therefore, the total ave:-age yearly COStS associated 'Ji:.:. averiayi..:1g

non-patc:hed paveents ,",ould be:

Total Average Yearly COStS • Overlay + ~~nhole & Sever • Curbi~g COStS

• S3i1,925 + 10,985 ~ 216,533

The above cos:. fig'ure of S399,lo43 per year represents the ;verage cos:.

to the city to =aintain the streets i: a PC! c:ondition of iO or better

as~ing t:at no utility cut patchin; vere allowed.

lor c:o:~r.tive p'urposes, the avera!;e yearly costs asscc:i.tec ~·i:.:t

. l:I&i.nuining t:1e city streecs in :.~e sa::e conc:.ition (PC! gru:er tl:an iO)

using p:'oc:ech:res icienl~ical to ~ose al.=eaciy i't'esenud.

I earlier, an overby !:':'ic:~es.s c: 3 i:c!as vit!:: a se:-v:'ce li:e 0: 1:.1

Tae c:= st.s .-i:,: S --··~.. - ---

systc, Yit: 8S: 0: tl::e streets C::::4.i:':'n~ u:ili:y cut pat~es is c~e?u:e-:'

as follCYs:

• 39,600 c:u.::. per elle

• ~9,600 cu.::~ pe= :i!e ~ .O~5 co:s/::.::.

• :,970 tons per mile

• :,970 tons ~e= ::"le * S38/:0:

• S112,860.00 ?e= eile * i6.56 :iles


